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Abstract
·AIM:Toassesstheeffectofmyopiaonthethickness
ofretinalnervefiberlayer(RNFL)measuredby3Doptical
coherence tomography (3D-OCT) in a group of
nonglaucomatousChinesesubjects.
·METHODS:Twohundredandfifty-eighteyesof258
healthyChinesemyopicindividualswererecruitedand
fourgroupswereclassifiedaccordingtotheirspherical
equivalent (SE):lowmyopia ( =42,-0.50<SE<-3.0D),
moderatemyopia( =120,-3.0D臆SE<-6.0D),highmyopia
( =58,-6.0D臆SE<-8.0D)andextremehighmyopia(=
38,SE 逸-8.0D).TheRNFLthicknessprofileincluding
superior,nasal,inferiorandtemporalquadrantandeach
ofthe12clock-hourthicknessesweremeasuredby3D-
OCT.TheRNFLthicknessesamongfoursamplegroups
wereperformedbyone-wayanalysisofvariance (one-
wayANOVA)andleastsignificantdifferencetest(LSD
test).CorrelationsbetweenRNFLthicknessandaxial
length/sphericalequivalentwereperformedbylinear
regressionanalysis.
· RESULTS: The overall RNFL parameters shown
significantdifferencesbetweengroupsexcluding7,9,10,
11o'clockhourthickness.TheRNFLthicknessof
superior,nasal,inferior,averageand1,2,3,4,5,6,12
o'clocksectorsweredecreasedwiththeincreasingaxial
lengthandhigherdegreeofmyopia.Incontrast,asaxial
lengthandthedegreeofmyopiaincreased,thetemporal
and8,9o'clocksectorsthicknesseswereincreased.A
considerableproportionofmyopiceyeswereclassified
asoutsidethenormallimits.Sixo'clockwasthemost
notableofthetotal,which43.4%wereoutsidethenormal
limits.
· CONCLUSION:OnthemeasurementofRNFL,the
characteristicsofRNFLwiththechangeofthedegreeof
myopia were observed. As the degree of myopia
increases,theRNFLthicknessmeasuredby3D-OCT
including the average and superior, nasal, inferior
sectorsdecreases.AndduetothechangeofRNFL
thickness,itshouldbeconsideredwhenusingOCTto
accessforthedamageofglaucomaespeciallypeople
withmyopia.
· KEYWORDS: opticalcoherencetomography;myopia;
retinalnervefiberlayer
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INTRODUCTION
Atpresent,thereisaround400millionChinese(33%ofthe
population,1.5timestheworldaverage)sufferingfrom
myopia.Itsprevalencehasincreasedmarkedlyinrecent
years
[1,2].Itiswellknownthatmyopiaisariskfactorof
glaucomaandmyopicfunduschangesmaycomplicatethe
diagnosisandtreatment.Assessmentoftheperipapillary
retinalnervefiberlayer(RNFL)thicknesshasbeenan
importantapproachfordetectingstructuraldamagein
patientswithglaucoma
[3,4].Therefore,itisurgenttoestablish
thecorrelationbetweenRNFLthicknessandmyopia,not
onlyforunderstandingthecharacteristicsofRNFLwiththe
changeofthedegreeofmyopia,butalsoforusingthese
characteristicstobeidentifiedwiththeearlystageof
glaucoma.
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Opticalcoherencetomography(OCT)isanemerging
ophthalmicexaminationwhichhasbeenappliedtomeasure
the RNFL thickness.Comparedwithconventional
time-domainOCT(TD-OCT),TOPCON3D-OCT1000
whichisaSpectral-domainOCT(SD-OCT)provideda
higherresolution,densegridmappingoftheretinal,
three-dimensionalreconstructionofthescannedareaand
normativedatabaseofage-matchedyellowracecontrols
[5].
Thislargesampleanalysiswastoinvestigatethevariationof
myopicpatients'RNFLthicknessaswellaschangesinsome
factorsofinfluence.Itisdesignedtoimprovethesensitivity
andspecificityofOCTondetectingRNFLstructureand
diagnosingtheearlystageofglaucoma.
SUBJECTSANDMETHODS
Subjects Twohundredandfifty-eighthealthyChinese
myopicindividualsranginginagefrom18to49years
(mean依SD,27.89依6.21years)wererecruitedinthisstudy
fromAugust2010toOctober2011.Allofthesubjectsfor
thisstudyunderwentafullophthalmicexaminationincluding
visualacuity,slitlampexamination(TopconSL-1ESlit
Lamp;TopconCorp.,Japan),refraction(TopconRM-8800;
TopconCorp.,Tokyo,Japan),intraocularpressure(Topcon
NCTCT-80:TopconCorp.,Japan),axiallengthbycontact
ultrasoundA-scanbiometry(CineScanA/Bscan;Quantel
MedicalInc.,France)andfundusphotography(Canon
CR6-45NMFundusCamera;CanonInc.,Tokyo,Japan).The
axiallength(AL)ofeyerangedfrom21.52to27.18mm
(mean 依SD,24.28 依1.04).Thenitwasconfirmedthatall
includedeyeshadnoknownoculardiseaseordiabetes,
hypertension,craniocerebralinjuryandallthattheintraocular
pressurewaslowerthan18mmHg.
Thesubjectsshouldhaveasphericalequivalent(SE)
refractiveerrorlessthan-0.50Dinbotheyes.SEisdefined
assphereplushalf-negativecylinder[sphere+(cylinder/2)].
Theeyeswereclassifiedintolowmyopia( =42,-0.5D<SE
<-3.0D),moderatemyopia( =120,-3.0D臆SE<-6.0D),high
myopia( =58,-6.0D臆SE<-8.0D)andextremehighmyopia
( =38,SE逸-8.0D;Table1).
Methods
Opticalcoherencetomographyscanning TheTOPCON
3D-OCT1000system(softwareversion3.12)wasusedto
measuretheperipapillaryRNFLthickness,whichcan
identifythedisccentreautomatically,acquire 27000
A-scanspersecondandhasa5 滋 mdepthresolutionintissue.
Itprovidedanormativedatabaseofage-matchedcontrolsof
yellowrace.Thistomographyhasthefunctionofinputting
theeye'saxiallengthandthedegreeofmyopia.Thedefault
axiallengthandrefractionineveryOCTscanaresetto
24.39mmand0D.Inordertoobtaintheexactprintout
values,thetwoparametersshouldbeinputtotheOCTbefore
theexamination.
Theoperatorcenteredthecircularscanontheopticnerve
head(ONH)whiletheeyewasfixated.Average
measurementsofthreesequentialcircularscansofdiameter
3.4mmcenteredontheopticdiscwererecorded.Parameters
includingsuperior,nasalinferiorandtemporalquadrant
thicknessesandthicknessesforeachofthe12o'clock-hour
positionsweregeneratedautomaticallyintheanalysisreport.
Thesuperiorclockhourwas12o'clock.Theotherswere
plottedinaclockwisedirectionforarighteyeand
counterclockwiseforalefteye.
Allindividualsshouldbescannedforseveraltimesinorder
toobtainthreeimagesmettheconditionsasfollows:1)
imagequalityofatleast60;2)thefundusimagescanbeused
toverifythescanlocation;3)theopticdisclocatedinthe
centreofscan circle.Theindividualswhohavea
peripapillaryatrophyexceedingthescancirclewere
excluded.Ifone'sopticdiscalsodeviatedfromthecentreof
scancircleafterseveralscans,thispersonwouldbeexcluded,
aswell.Whenwedidcomparisonbetweenthenormative
populationsdatawithours,scanswiththehighestqualitywas
usedforanalysis.
StatisticalAnalysis Duetothemeasuredparametersofboth
eyesinthesubjectshadahighdegreeofcorrelationandthe
resultwasnostatisticallydifferent( >0.05),weselectedthe
oneeyeofeachsubjectdatarandomlyandusedforstatistical
analysis.
Statisticalanalysiswereperformedoncomputerusingthe
SPSSsoftware(version13.0;SPSSScience,Chicago,IL,
USA);anda <0.05wasconsideredstatisticallysignificant.
Table 1  Characteristics of the study population 
Parameters  Low myopia  Moderate myopia  High myopia  Extreme myopia  P 
n  42  120  58  38   
Age (a)  26.52±5.68  28.37±6.34  27.88±5.77  27.89±6.94 
10.434 
Sex (M/F)  22/20  64/56  22/36  16/22 
20.206 
Axial length (mm)  23.44±0.89  24.12±0.89  24.57±0.90  25.25±0.91 
1<0.001 
Spherical equivalent (D)  -1.99±0.52  -4.50±0.82  -6.75±0.58  -9.12±1.34 
3<0.001 
1P value and 
2P value among groups were performed by one-way ANOVA test and c
2 tests, respectively. 
3P value 
was calculated between low, moderate and high myopia groups due to the heterogeneity of variance. 
627Linearregressionmethodwasusedtodeterminethe
correlationbetween RNFLthicknessandcontinuous
variables(axiallengthandsphericalequivalent),and
expressedasthePearsoncoefficientofcorrelation().The
genderbetweenlowmyopia,moderatemyopia,highmyopia
andextremehighmyopiagroupswerecomparedbyusingthe
independent -test.TheRNFLthicknessoffoursample
groupswasperformedbyone-wayanalysisofvariance
(one-wayANOVA)andposthocanalysis,leastsignificant
differencetest.
RESULTS
Thisstudycomprised258eyesof258Chinesemyopic
individuals(124males,134females).Themeanage,AL,and
SEwere27.89依6.21years(range,18-49year),24.28依1.04mm
(range,21.52-27.18mm),-5.28依2.33D(range,-0.63to-13.75
years),respectively.Asignificantlynegative correlation
betweenALandSEwasshowninFigure1 ( =-0.66, <
0.001).Theageandgenderbothhadnosignificantdifference
betweengroups ( >0.05).However,therewerestatistical
significancesforALandSEbetweengroups( <0.001,
Table1).
AfterthecomparisonsoftheRNFLthickness,wefound
significantdifferencesbetweengroupsexcluding7,9,10,11
o'clockhourthickness(Table2).Thefurthertestshowedthat
theRNFLthicknessofsuperior,nasal,inferior,averageand
1,2,3,4,5,6,11,12o'clocksectorsweredecreasedwiththe
increasingALandhigherdegreeofmyopia(Figures2,3).In
contrast,asALandthedegreeofmyopiaincreased,the
temporaland8,9o'clocksectorsthicknesseswereincreased.
Therewasnostatisticallysignificantin7,10o'clocksectors.
Table3showsthecomparisonsofRNFLthicknessbetween
groupsusingleastsignificantdifferencetest.Thelowmyopia
groupshowedsignificantlythickerRNFLthicknessthanhigh
andextremehighmyopiagroup.However,thereisno
significantdifferencebetweenhighandextremehighmyopia
group.ThecorrelationsbetweenRNFLthicknessandAL/SE
with3D-OCTareshowninTable4.
Figure4presentstheproportionofeyesfallingoutsidethe
normativerangebasedonthedatabaseofOCT.The6o'clock
wasthelocationwhichhadthelargestnumberofpeople
fallingoutsidethenormallimits.Ofthemyopiceyes,43.4%
wasidentifiedasoutsidethenormativerangeat6o'clock.
DISCUSSION
Incontrasttopreviousstudiesusingolder-generationOCT,
weevaluatedperipapillaryRNFLthicknessinthisstudy
basingonTOPCON3D-OCT.WefoundthatRNFL
thicknessdecreasedastheincreasingdegreeofmyopiaand
axiallengthexceptthetemporalsector.Oncomparingthe
Table 2  RNFL thickness in different groups as measured by 3D-OCT 
RNFL thickness (μm)  Low myopia  Moderate myopia  High myopia  Extreme high myopia  1P 
Superior  140.52±18.02  135.68±14.10  128.02±13.62  125.18±15.49  <0.001 
Nasal  105.69±14.94  90.33±14.49  87.59±14.11  87.59±14.11  <0.001 
Inferior  155.81±14.93  150.80±16.53  148.00±14.77  144.68±19.75  0.017 
Temporal  90.86±13.25  94.24±14.44  98.03±16.71  99.08±15.26  0.035 
Average  123.22±8.11  117.76±9.09  115.41±7.49  114.42±11.12  <0.001 
1 o’clock  132.02±21.64  126.78±18.06  116.34±18.22  112.29±16.85  <0.001 
2 o’clock  120.29±17.65  104.58±18.80  100.47±18.94  101.58±20.28  <0.001 
3 o’clock  93.38±13.39  82.20±15.12  80.10±13.69  82.11±14.43  <0.001 
4 o’clock  103.45±21.26  84.68±16.08  82.33±17.82  82.34±16.82  <0.001 
5 o’clock  139.79±26.80  129.63±24.21  121.76±24.47  116.97±23.66  <0.001 
6 o’clock  175.31±25.28  166.83±28.76  158.50±25.92  155.50±30.65  0.004 
7 o’clock  152.57±22.36  156.04±26.42  163.83±28.70  162.11±27.19  0.107 
8 o’clock  87.74±15.11  90.73±15.74  95.59±18.59  96.87±18.34  0.028 
9 o’clock  77.90±10.85  81.48±12.91  83.79±15.25  84.21±14.01  0.106 
10 o’clock  106.98±17.30  110.50±20.27  114.90±21.97  116.24±20.22  0.111 
11 o’clock  153.07±23.56  149.79±20.39  147.50±16.41  144.89±21.80  0.296 
12 o’clock  136.67±26.70  130.62±21.94  119.90±20.31  118.74±24.07  <0.001 
1P values were performed by one-way ANOVA tests. 
Figure1 Scatterplotsoftheaxiallengthandthespherical
equivalent.
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Table 3  Comparison of RNFL thickness in different groups by pos hoc analysis 
  Low-moderate 
myopia 
Moderate-high 
myopia 
High-extreme 
high myopia 
Low-high 
myopia 
Low-extreme 
high myopia 
Moderate-extreme 
high myopia 
Superior  0.071  0.001  0.363  <0.001  <0.001  <0.001 
Nasal  <0.001  0.239  0.705  <0.001  <0.001  0.557 
Inferior  0.090  0.287  0.334  0.020  0.003  0.047 
Temporal  0.207  0.113  0.738  0.018  0.015  0.083 
Average  0.001  0.101  0.597  <0.001  <0.001  0.046 
1 o’clock  0.116  0.001  0.296  <0.001  <0.001  <0.001 
2 o’clock  <0.001  0.175  0.778  <0.001  <0.001  0.395 
3 o’clock  <0.001  0.365  0.507  <0.001  0.001  0.972 
4 o’clock  <0.001  0.403  0.997  <0.001  <0.001  0.475 
5 o’clock  0.022  0.047  0.353  <0.001  <0.001  0.006 
6 o’clock  0.092  0.063  0.607  0.003  0.002  0.030 
8 o’clock  0.319  0.071  0.714  0.021  0.015  0.050 
12 o’clock  0.139  0.004  0.807  <0.001  0.001  0.005 
P values between groups were all performed by least significant difference test. 
RNFLindifferentsectorsandclockhoursbetweenfour
groups,positiveresultswereobservedaswell.
Asfarasweknow,theglobeiselongatedinmyopiceyes.It
resultsinthinningoftheretinaasitisstretched.Andthe
RNFLthicknessisthinneraswell.However,moststudies
includingourswerealldemonstratedthatthetemporalRNFL
thicknesswasincreasedwiththeincreasingaxiallengthand
thedegreeofmyopia.Theonlydiscrepancybetweenuswas
thatthesignificantpointwas8,9o'clockinourresearch
comparedwithothers'8-10o'clock
[6] and8-11o'clock
[7].Most
researcherssupportedthetheoryofaredistributionofRNFL
astheaxiallengthincreasesinlength
[6,7].Kim
[6]
speculatedthattheretinalwasdraggedtowardthetemporal
horizonastheaxiallengthincreases.Weallknewthatthe
papillomacularbundlesexistinthetemporalquadrant.The
fibersofmacularareawalkedupperandlowerofthe
horizontalsuturetowardstheopticdisc.Whetheritwould
leadtothetemporalRNFLdifferentfromotherquadrants,it
stillneededtobeproved.
ThedefaultaxiallengthinTOPCON3D-OCTis24.39mm,
andadiameterof3.4mmscanningcirclecenteredonthe
opticdiscduringthescanning.TheinterestingissueinOCT
measurementisthemagnificationeffectinmyopiceyes.
Leung
[7] indicatedthatithasbeenrecognizedthatthe
Figure2ScatterplotsoftheaverageRNFLthicknessagainstthesphericalequivalentandtheaxiallength.
Figure3ScatterplotsofthetemporalRNFLthicknessagainstthesphericalequivalentandtheaxiallength.
629existenceofmagnificationeffectcouldmaximizetheactual
scanningradius (1.7mm),althoughonecaninputthe
individual'saxiallengthandSEinOCT
[8,9].Varma
[10]
dissected10deadbodiesandfoundthattheedgeofopticdisc
wasthethickestplaceandRNFLthicknessofthefoursectors
decreasedwiththeincreasingdistancesfromtheopticdisc.
Therefore,wespeculatedthatwouldresultinthe
underestimationofRNFLthicknessonaccountoftheRNFL
thicknessdecreasesatincreasingdistancesfromtheoptic
disc.However,someresearchersproposedthatasthe
existenceofassociationbetweenopticdiscsizeandSE,the
RNFLisnotnecessarytobemeasuredfartherfromthedisc
margin
[11,12].Jonas
[11] reportedthattheopticdiscsizedepends
ontherefractiveerrorwithanincreaseinhighlymyopia
eyes.Inotherwords,themyopiceyehadalargeropticdisc.
Duetothecorrelationbetweenopticdiscandrefractiveerror,
weconsideredthatthemagnificationeffectcausedbythe
increasingaxiallengthcanbecompensated.
ItisnotclearwhetheragecanaffectRNFLthickness.
Budenz
[13] examinednormalparticipantsranginginage
between18and85years,andfoundthatRNFLthickness
variessignificantlywithage,ethnicity.However,aresearch
including91myopicsubjectsfrom4to17yearsconcluded
thatagewasnotcorrelatedwithRNFLthicknessasmeasured
byStratusOCTafteradjustmentforrefraction.Inour
research,theagerangewasfrom18to49years
[14].We
analyzedandfoundnosignificantdifferencebetweenageand
thethicknessofRNFLafterSEadjustment.Nevertheless,
duetothenarrowrangeofage,wecouldnotdefiniteabout
thecorrelation.
TOPCON3D-OCTinvolvedanormativedatabaseofAsian
populationandprovidedinformationonthenormallimitsof
RNFLthickness.Basedonthenormativedatabase,wecan
identifytheoculardiseaseinvolvingRNFLeventheretinal
thickness.Leung
[5] haveshownthatalargepercentage
ofChinesemyopiceyeswereclassifiedoutsidenormallimits
onthenasalsectors(from12to6o'clock).Inthisstudy,we
foundaconsiderableproportionofsubjects'RNFLthickness
locatedoutsidethenormallimits,aswell.The6o'clockwas
themostnotableofthetotal.Therefore,furtherresearchon
theRNFLmeasurementsinmyopiceyesshouldbedone.
Anditisnecessarytoestablishadatabaseinvolvedhealthy
subjectswithmyopia.
Inpatientswithmyopia,theratioofnormal-tensionglaucoma
andsuspectedglaucomawassignificantlyhigherthanthe
rest,whileinpatientswithopen-angleglaucoma,myopia
accountedfor46.9%
[15].Mitchell
[16] foundastrong
correlationbetweenopen-angleglaucomaandmyopia,with
anoddsratioof2.3ineyeswithlowmyopiaand3.3ineyes
withmoderate-to-highmyopia.Therefore,itisnecessaryto
assessthemyopiapatientswithRNFLthinninginorderto
identifywhetheritiscausedbymyopiaorglaucoma,and
reducetheratioofmisdiagnosisoftheearlyglaucoma.
Apossiblesourceofbiasinpresentstudywasthathighly
myopiceyesusuallyshowacharacteristicappearanceofthe
peripapillaryatrophy.Consideringofthisreason,wehad
excluded 11 individualswhoseperipapillaryatrophy
exceededthescancircle.However,wecouldnotspeculate
whethertheRNFLthicknessofsomeindividualswiththe
peripapillaryatrophyinsidethescancirclewasinfluenced.
Therefore,afurtherresearchisnecessaryinthisregard.
Insummary,thestudyanalyzedtherelationshipbetween
SE/ALandRNFLparametersmeasuredwithTOPCON
3D-OCT,andfoundindividualswithhighlymyopiahad
thinnerRNFLs,exceptforthetemporalquadrant.According
tothisstudy,webelievedthat3D-OCTnotonlycanbeused
fortrackingthecourseofmyopia,butalsoforassessingthe
clinicalsuspectedglaucomawithmyopiaaccurately.
Acknowledgments:Thankstoalldonorsenrolledinthe
presentstudy.
Table 4  Correlations between RNFL thickness and AL/SE with 3D-OCT 
Correlation with AL  Correlation with SE 
 
r  P  r  P 
Superior  -0.20  0.001  0.35  <0.001 
Nasal  -0.30  <0.001  0.30  <0.001 
Inferior  -0.37  <0.001  0.22  <0.001 
Temporal  0.13  0.019  -0.17  0.003 
Average  -0.33  <0.001  0.30  <0.001 
1 o’clock  -0.16  0.004  0.36  <0.001 
2 o’clock  -0.26  <0.001  0.27  <0.001 
3 o’clock  -0.21  <0.001  0.21  0.001 
4 o’clock  -0.33  <0.001  0.31  <0.001 
5 o’clock  -0.39  <0.001  0.30  <0.001 
6 o’clock  -0.33  <0.001  0.24  <0.001 
7 o’clock  0.03  0.335  -0.13  0.156 
8 o’clock  0.18  0.002  -0.17  0.002 
9 o’clock  0.12  0.029  -0.15  0.009 
10 o’clock  0.07  0.146  -0.13  0.111 
11 o’clock  -0.17  0.004  0.15  0.007 
12 o’clock  -0.12  0.032  0.27  <0.001 
Correlations between RNFL and AL/SE were calculated by linear regression. 
Figure4Barchartofthepercentageofeyesfallingoutside
thenormallimitsclassifiedasthreeparts.
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